Restricted HartreeFock (RHF) and Density Functional Theory (DFT) studies were carried out on the organic semi conductor material Pentacene. 6-31G and 6-31G* basis sets were used to optimize the molecule and compute the charge distribution at both levels of theory. The results show that the Carbon-Hydrogen bonds in the molecule are the shortest and strongest with average bond length of 1 Å. The C-C bonds were the longest and weakest. On the average the bond angles were all above 90 degrees, giving the molecule a fairly symmetric structure. The bulk positive charges in Pentacene were predicted to reside mostly in the Hydrogen atoms and the Carbon atoms were averagely electronegative in this molecule.
INTRODUCTION
Organic field-effect transistors (FETs) have attracted considerable attention due to their potential in organic thin film transistors (OTFTs) with large-area of application that are mechanically flexible, lightweight (as switching devices for logic gates and memory arrays), organic light emitting diodes (OLEDs), solar cells and low-cost devices (Kitamura,Arakawa, 2008; Hwan et al.2004; Byoungnan,2008) . Organic semiconductors are materials with semiconducting properties.These include Polycyclic aromatic hydrocarbons such as anthracene, rubrene and pentacene. Among many organic semiconductors, pentacene has been reported to be the most promising applicant, because of its high hole mobility up to 5.5cm 2 /Vs that exceed amorphous Silicon (Hwan et al, 2004) . Pentacene is a linear acene consisting of five benzene rings with molecular formula C 22 H 14 , molar mass 278.36 g/mol,density 1.3 g/cm 3 and melting point of > 300 °C; sublimes at 372 °C which behaves as a p-type semiconductor. These kind of materials are important in electrical applications as their band gap is controlled by selecting the number of aromatic rings that is the more rings, the smaller the band gap. Crystallized pentacene has triclinic lattice structure comprising of. Moreover this compound is purple powder which generate exciton upon absorption of Ultraviolet(UV) or visible light that makes it very sensitive to oxidation, this is the reason why the compound degrades upon exposure to air or light (Dan, 2005 (Kurta et al; Jaquemin et al; . Nowadays, the molecular modelization techniques offer a competitive alternative for the interpretation of experimental data arising from industrial interest and applications (Jaquemin et al, 2005) .In this article, the Gaussian software is used to compute the optimum electronic structure ofpentaceneand its atomic charge distribution(James, Jan et al, 1991) .
COMPUTATIONAL METHOD
The molecular structure of pentacene is modeled with the Gaussian03 package. Geometric optimization of the structure is performed at Restricted HartreeFock (RHF) and Density Functional Theory (DFT) levels of theory using the basis sets6-31G and 6-31G*.Geometry optimizations usually attempt to locate minima on the potential energy surface, thereby predicting equilibrium structures of molecular systems. At the minima, the first derivative of the energy (gradient) is zero. Since the gradient is the negative of the forces, the forces are also zero at such a point (stationary point).
In Gaussian, a geometry optimization begins at the molecular structure specified at the input (in this case from GaussView) and steps along the potential energy surface.
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It computes the energy and gradient at that point, and determines which direction to make the next step. The gradient indicates the direction along the surface in which the energy decreases most rapidly from the current point as well as the steepness of that slope. The optimized parameters are the bond lengths (in Angstrom), the bond angles and the dihedral angles (in degrees) for the optimized molecular structure. Atoms in the molecule are numbered according to their order in the molecule specification section of the input. The structures are refined further using Density Functional Theory which is a cost effective method for inclusion of electron correlations with the three-parameter density functional generally known as Becke3LYP (B3LYP).
RESULTS AND DISCUSSION Optimized Bond lengths
The optimized structure of pentacene is shown in Fig. 1 and the optimized bond lengths at different levels of theory are shown in Table 1 .In molecular geometry, the bond length (or bond distance) is the average distance between nuclei of two bonded atoms in a molecule. Bond length is inversely related to bond strength and bond dissociation energy. The predicted shortest bond lengths are all in the vicinity of 1Å and these are the C-H bonds: R(2,17), R(7,16), R(8,19), R(13,20) , R(14,21), R(15,22), R(23,25), R(26,29) , R(27,31), R(30,34), R(32,35) and R(33,36) . Thus, since these C-H bonds are shortest it implies they are the strongest bonds in pentacene molecule that will require much energy to be broken. On the other hand, the longest and weakest bonds with bond lengths close to 1.5Åare the following C-C bonds: R(1,6), R(3,4), R(9,10), R(9,15), R(10,11), R(13,14), R(24,27), R(24,28), R(28,32) and R(30,33). These are all bonds within the fused benzene rings and hence it can be predicted that due to the free electron movements within the rings, the bonds are relatively weaker compared to the C-H bonds. On the average, the 6-31G* basis set results are relatively higher compared to the 6-31G basis set results at both levels of theory. Interestingly, the RHF and DFT results for 6-31G* are the same indicating that electron correlation has very little effect on the bond lengths using this basis set; however, for 6-31G basis set, electron correlation has an effect of expanding the bond and thus the DFT results are slightly higher than those at RHF level of theory. 
Optimized Bond Angles
The average angle between the orbital's of the central atom containing the bonding electron pairs in the molecular structure is known as the bond angle between the atoms. The bond angle gives an idea about the distribution of orbital's about the central atom in a molecule. Table 2 shows the optimized bond angles of pentacene at RHF and DFT levels of theory using 6-31G and 6-31G* basis sets. Geometrical parameter RHF/6-31G Gas RHF/6-31G* Gas B3LYP/6-31G Gas B3LYP/6-31G* Gas The bond angles with the highest value at both levels of theory using the two basis sets are all in the vicinity of 120 o as shown in Table 2 . These include A(32,33,36), A(30,33,32), A(33,30, 34), A(7,10,11), A(26,28.32), A(23,24,27), A(4,8,9), A(4,5,6), A(2,1,23) etc. Interestingly, all these angles are C-C-C angles within the benzene rings; thus accounting for the more symmetric shape observed in pentacene. All angles in the molecule are predicted to be more than 90 o and hence there is an overall spread in the molecular structure as the atoms are not close to each other.
Optimized Dihedral Angles
The structure of a molecule can be defined with high precision by the dihedral angles between three successive chemical bond vectors. The dihedral angle varies only the distance between the first and the fourth atoms; the other interatomic distances are constrained by the chemical bond lengths bond angles. The optimized dihedral angles are shown in Table 3 . (24, 27, 30, 34) 179.9948 179. 9952 -180.0170 179.9952 D(31,27,30,33) -179.9985 -179.9971 180.0031 -179.9971 D(31,27,30,34) 0.0007 0.0090 0.0016 0.0090 D (24,28,32,33) -0.0019 -0.0040 -0.0075 -0.0040 D(24,28,32,35) -179.9982 -179.9878 180.0052 -179.9878 D(26,28,32,33) 179.9978 179. 9916 -180.0072 179.9916 D(26,28,32,35) 0.0016 0.0078 0.0056 0.0078 D (27, 30, 33, 32) 0.0002 -0.0029 -0.0008 -0.0029 D (27, 30, 33, 36) 179. 9998 -179.9927 -180.0023 -179.9927 D(34,30,33,32) 180 As shown in Table 3 , there is slight variation in the predicted dihedral angles for some bonds as we move from RHF to DFT level. However, the variation is very minimal except in some particular cases where the two basis sets predict different orientations to the angles. At both levels of theory, the angles are either too small (approaching zero) or almost 180 o similarly The dihedral angle is considered to be positive if a clockwise rotation is performed with the molecule and it will be negative when an anti clockwise rotation is performed with the molecule in its plane.
Atomic Charge Distribution
Within molecular system, atoms can be treated as a quantum mechanical system. On the basis of the topology of the electron density the atomic charges in the molecule can be explained. The electrostatic potential derived charges using the CHelpG scheme of Breneman at different atomic positions in gas phase are computed at RHF and DFT levels of theory using 6-31G 72 and 6-31G* basis sets. The Mulliken population analysis partitions the charges among the atoms of the molecule by dividing orbital overlap evenly between two atoms. Whereas the electrostatic potential derived charges assign point charges to fit the computed electrostatic potential at a number of points on or near the Van Der Waal surface. Hence, it is appropriate to consider the charges calculated by CHelpG scheme of Breneman instead of Mulliken population analysis. Table 4 shows the electrostatic potential derived atomic charges of pentacene molecule. The charges are almost evenly distributed with the Carbon atoms retaining most of the bulk negative charge and the Hydrogen atoms retaining the bulk positive charge. This can be expected due to the free movement of electrons between the Carbon atoms in the five fused benzene rings. 
CONCLUSION
The optimized structure and atomic charge distribution of the organic semi-conductor molecule pentacene has been studied using the Gaussian software package at the RHF and DFT levels of theory. Basically, it is predicted that the bond lengths are relatively short and strong with the C-H bonds being the strongest and the C-C bonds being the weakest. The charge distribution is fairly symmetric with the hydrogen atoms being slightly electropositive and the carbon atoms electronegative.
